INTRODUCTION
One unique feature of tobacco, Nicotiana tabacum L., is the crystallization of Fraction I protein (F I protein) from leaf extract (3, 9) . F I protein accumulates inside the chloroplasts of all green plants, but this water-soluble protein in plant species other than those within the genus Nicotiana cannot be readily isolated and is nearly impossible to crystallize. Approximately 50 Ofo of the soluble proteins in tobacco leaf is FI protein, which contains high concentrations of essential amino acids and is free of contaminants such as heavy metals, carbohydrates, lipids and other macromolecules (7) . These chemical properties point to its pharmaceutical potential. Nutritional studies of tobacco F I protein showed a PER (protein efficiency ratio) greater than that of casein, a recognized protein standard (5) . It has been suggested, therefore, that tobacco leaf protein is a potential source of protein, sufficient for meeting a health dietary demand of an increasing world population (12) . The remaining half of the soluble proteins in tobacco leaf is known as Fraction 11 protein (F 11 protein) which is highly heterogeneous in molecular weight and chemical composition (13) . The nutritional value of Fll protein is reportedly comparable to that of F I protein (Wildman, private communication). In addition, insoluble proteins exist as sediments in the juice of tobacco leaf homogenate. Wildman (12) a maximal level if tobacco plants were grown according to conventional cultural practices. Answers to these questions bear significantly on the feasibility of producing tobacco proteins commercially for human consumption and medicinal usage. We carried out such field experiments with two tobacco cultivars representing bright and Burley types during the 1977 and 1978 growing seasons. Experiments were carried out with Burley cultural practices, whereby the rate of nitrogen fertilization was not a limiting factor for protein biosynthesis. In addition, the quantitative changes of other nitrogenous compounds were analyzed for their possible relationships to protein metabolism.
MATERIALS AND METHODS
The tobacco cultivars NC95 and Ky14, representing bright and Burley types, respectively, were grown on the Agricultural Experiment Station Farm of the University of Kentucky in Lexington in 1977 and 1978. Conventional cultural methods for Burley tobacco were followed, where 2.24 meuic tons of ?-10-5 (N-P-K) fertilizer supplemented with 320 kg of ammonium nitrate was disked into one hectare of land prior to transplant. This provided 224 kg of nitrogen per hectare. Field layouts followed a randomized block design with three replications for both years. Row width was 107 cm, and plants within a row were 46 cm apart. However, the 1977 experiment had 20 plants per row while there were 30 plants in the 1978 experiment. Six weeks after transplant, middle-stalk leaves were picked and bulked on a row basis. In 1977, sampling began on July 11 and continued thereafter at 2-week intervals until the time of topping (Aug. 22). In the time between topping and harvesting (Sept. 19), leaves from top, middle, and bottom stalk positions were harvested :E Cl ·a; Figure 1 .
Change of protein quantity In the leaf of NC95 during the 1977 and 1978 growing seasons. Leaves from top, middle and bottom stalk positions are indicated by the respective symbols of T, M and B. (11) . Nitrogenous constituents, namely chlorophylls, total al· kaloids, total nitrogen, nitrate nitrogen, and total proteins, were quantified with the freeze·dried samples which had been pulverized to pass through a 40·mesh screen. Chlorophyll quantification was by the method of Arnon (1), whereas the amount of total alkaloids was determined colorimetrically at 460 nm (6) . Analyses of total nitrogen, nitrate nitrogen and total proteins followed the same methods previously reported (11) . Difference in quantity between total proteins and total soluble proteins gave rise to the concentration of insoluble proteins.
Data from the 1977 and 1978 experiments were treated separately for analysis of variance according to a splitplot design with cultivar as a main-plot and sampling date as a sub·plot or sampling date as a main-plot and stalk position as a sub-plot. Varietal differences in concentration of nitrogenous constituents under investigation were also evaluated by pooling two years of data after the determination of year effect and cultivar X year interaction. Table 4 .
RESULTS
Coeflfcfents fo each when plants are at knee-height but 55°fo and 45°fo for the respective plant parts at the later growth stages.
•• Fresh weight Is calculated on the basis of 65 •to moisture. • and ••: significant difference at the 5 Ofo and 1 Ofo level of probability, respectively.
insoluble proteins. This also held true in the 1977 experiment. Nitrogenous compounds other than proteins were quantified in the 1977 experiment (Table 1) . For both tobacco cultivars, chlorophylls accumulated to maximal levels at topping followed by a gradual decline toward the end of the growing season. Quantities of total nitrogen, free amino acids and nitrate nitrogen varied among the sampling dates. All these phenomena were observed again in the 1978 experiment (Table 2 ). There was a trend of decreasing nitrate nitrogen toward the harvesting date, which became evident because of the frequent samplings. However, free amino acid content remained variable during the growing season. A rapid increase. of alkaloids occurred after topping. When NC95 and Ky14 were compared, by pooling two years of data together, the cultivar X year interaction was not insignificant for the compounds analyzed. All nitrogenous constituents under investigation, except F 11 protein, showed a significant difference between NC95 and Ky14 (Table 3) . The former had a high concentration of chlorophylls, which reflects its normal chlorophyll genotype. Being a chlorophyll deficient mutant, Ky14 contained more total nitrogen, nitrate nitrogen, total alkaloids, free amino acids and some protein components. The interrelationships of these nitrogenous constituents analyzed on all sampling dates of both years may be examined by the coefficients of partial correlation ( Table 4 ). The positive significant correlations of total nitrogen with all analyzed nitrogenous constituents, except nitrate nitrogen and free amino acids, indicate that, during the growing season, the major nitrogenous compound is protein and the change of protein and chlorophyll quantity affects the total nitrogen content in the leaf. Similarly, total protein concentration showed positive correlations with protein components and chlorophylls. The latter is negatively correlated with nitrate nitrogen and free amino acids, substantiating the fact that chlorophyll content declines toward the late growing season while nitrate nitrogen and free amino acids gradually accumulate. The content of F 11 protein is positively correlated only with that of total nitrogen and soluble proteins.
DISCUSSION
The potential of tobacco as a food crop rests on the nutritional quality of protein, while the economics rests on biomass and protein yield per hectare. Wildman (12) suggested a direct seeding of tobacco to establish a stand of more than 370,000 plants per hectare. With multiple harvests during one growing season, this high density growth would yield about 150 metric tons of fresh biomass per hectare from which 3,000 kg of protein can be harvested. As to the protein, it was estimated that about 320 kg of crystalline F I protein and 1,300 kg of F 11
protein may be obtained. The remaining 45 °/o of the protein is insoluble. These values far exceed the protein yield of alfalfa and soybean which reportedly yield 710 and 640 kg protein per hectare, per year, respectively (10) . Although the present field experiments were not conducted with high plant density and multiple harvests, the results in combination with available information on the relationship between plant density and biomass in Burley tobacco (2) , as illustrated in the following paragraphs, support Wildman's view that tobacco is a potential protein crop. With the existing tobacco transplanter, the number of plants per hectare can be varied by altering row width and plant spacing within a row. In conventional Burley cultural practices (107 cm row and 46 cm between plants), one hectare grew 20,000 plants. The population may be doubled or quadrupled by use of 91 cm rows and 25 cm or 13 cm between plants. Such high plant densities are feasible if plants are harvested before blooming, when F I protein quantity is highest, or at knee-height. The estimated biomass and the yield of F I protein and F 11 protein at three growth stages as they represent three plant populations are summarized in Table 5 . Since leaf protein concentration at a given growth stage is independent of plant density, the protein yield per hectare at a given population density was calculated on the basis of protein quantity in leaf lamina at the corresponding growth stage in the 1978 experiment. Soluble proteins in midrib and stalk were excluded. Therefore, the estimated protein yield is conservative. At the immature plant stage, one harvest would yield 824.7 and 887.7 kg of soluble proteins per hectare for NC95 and Ky14, respectively. Based on a previous experiment (2), two additional harvests of ratooning plants at 5 to 6-week in- At harvest, a reverse situation with more protein in Ky14 (392.0 kg/ha) than in NC95 (304.1 kg/ha) became evident. Difference in nitrogen metabolism of these tobacco types are also reflected by higher concentrations of total nitrogen and nitrate nitrogen in Ky14. In the present study, both tobacco types were cultured according to Burley methods. In NC95, F I protein decreased, but the chlorophyll content dJ.anged very little when the leaves were maturing. Ky14 exhibited an exact reverse phenomenon for these leaf constituents. It appears that bright tobacco is comparable to or better than Burley for protein (soluble and insoluble) production at immature stages. However, a superior characteristic of bright tobacco is that it grows faster than Burley in the seedling stage. On the other hand, Burley would be better than bright tobacco in the homogenized leaf curing process (4), from which more soluble protein can be isolated from leaf juice as a by-product, and yet there would be less plastid pigments in the homogenized tobacco product. 
